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ABSTRACT

This report summarizes work carried out under contract number F44620-76-C-0020
in connection with parachute opening theory. Contributions were made in the
following arecas.

(a) Prediction of fabric porosity effects.

(b) Calculation of the external and internal pressure
fields during inflation.

(c) Calculation of the canopy shape and stress distribution
during inflation.

These three elements, taken together, cover the problem, but they were not inte-
grated into a complete predictive methodology because of lack of time.

The analogous problem of the opening of a two-dimensional hinged plate was also
studied, both experimentally and theoretically. The problem of the inviscid
flow field inside such an inflating wedge was solved exactly, in closed form,
and agreed well with experiment.

Most of the reports written during this study will be published in the open
literature.
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DISCUSSION

Fabric Porosity

In Reference 1* it was shown that existing methods of predicting the flow through
a fabric or gauze were unsatisfactory (the 'coefficients' are not constants)
because they ignored viscosity. It was shown that the available experimental
data rather follows a law first enunciated by Osborne Reynolds; namely

ap = KUZ e KU (1)
where Ap = the pressure drop across the cloth

U = volume flow/cloth area

Kl = the dynamic pressure coefficient

Ky = the viscous pressure coefficient

Reference 1 presents equationsfor K; §& K,. Figure 1 shows how K varies with the
fabric's geometric porosity ag, through six orders of magnitude. Figure 2 shows
how the viscous coefficient varies with the parameter

ey
K| 2
(0]

where n/A = number of holes per unit area
£ = cloth thickness
a = aerodynamic porosity = 1/(1+‘/2K1/o )

Figure 3 shows the relationship between geometric porosity o, and the aerodynamic
porosity a to be roughly one to one at the values of interest to parachute
designers.

The analysis of Reference 1 is also shown to be applicable to thick felt filters
multi-layer sintered gauzes, and similar materials.

The Pressure Fields Inside § Outside an Inflating Canop}

Reference 2* computes the unsteady inviscid flow field inside an inflating
canopy of idealized (cylindrical) shape, and obtains a closed form solution
which compares well with the meager experimental data available. Streamlines
for the simple solution of constant cavity length (for which normalized stream-
lines are constant) are shown in Figure 4.

The problem of the external pressure field is solved approximately in Reference
3, by the use of a time-varying, three-dimensional, sink-source pair to develop
the canopy shape. Figure 5 shows the general flow field developed. Figure 6
is developed from some experimental observations by Klimas, during inflation of
a model canopy, and Figure 7 shows that the theory gives generally similar

results.

*To be published in the AIAA Journal of Aircraft.
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FIGURE 6. COMPUTED PRESSURE DISTRIBUTION OVER AN EXPANDING CANOPY AT
T = .05 SEC. FOR THE EXPERIMENTS OF KLIMASY.
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The two cannot be compared exactly because the inflation rate during Klimas' ‘
f experiment was unknown, and it is therefore impossible to compute the transient
| component 3¢/at of the theoretical distribution. 4

Canopy Shape

Reference 5* presents (for the first time we believe) the equations for computing
canopy shape, without empirical geometric simplifications. :

i Other Studies

Appendix A contains a complete list of reports written during the course of
the contract. The last of these is still awaiting final typing, but Figures
8 - 12 indicate the scope of the investigation.

‘ Figure 8 shows the test rig for the opening wedge, rigged between plexi-glass

i end plates in the University of Maryland subsonic wind tunnel, and Figure 9 the
raw data obtained from a typical experiment. The processed data format is shown
in Figure 10.

We were successful in obtaining an exact (inviscid) transient solution for the

internal flow, in closed form, and some typical streamlines are shown in Figure
11. The theory seems to conform well with the experimental data, as indicated

in Figure 12.

| Conclusions and Recommendations

Overall, our work would seem to confirm that the parachute opening process is
not a '"black art", and that its various aspects are amenable to the classic 1s
methods of analysis. Substantive advances have been made in all important areas.

It is recommended that these various elements be combined into a complete open-
ing process model, and the model predictions compared with experiment.

)

d

*Submitted for publication.
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